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ABSTRACT
We report the discovery of a nearby massive white dwarf with He-H atmosphere. The white
dwarf is located at a distance of 74.5 ± 0.9 pc. Its radius, mass, effective temperature, H/He
ratio and age are R = 2500±100km, M = 1.33±0.01M⊙ ,Teff = 31200±1200K, H/He ∼ 0.1
and 330±40Myr, respectively. The observed spectrum is redshifted byVr = +240±15km s−1,
which is mostly attributed to the gravitational redshift. The white dwarf shows a regular stable
photometric variability with amplitude ∆g ≈ 0.06m and period P = 353.456 s suggesting
rapid rotation. This massive, hot and rapidly rotating white dwarf is likely to originate from
the merging of close binary white dwarf system that avoided explosion in a thermonuclear
type Ia supernova at the Carboniferous Period of the Earth history.
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1 INTRODUCTION
The candidate source, Pan-STARRS 118732780118122536 (RA =
18h32m02.8s, Dec = 08◦56′36′′) – hereinafter WD1832+089 –
came to our attention during our survey of dim blue nearby objects
in Pan-STARRS DR1 catalogue (Chambers et al. 2016). First we
have selected all objects in a 100 pc sphere according to Gaia DR2
catalogue (Gaia Collaboration et al. 2018). After applying quality
cuts and excluding objects in 20 degrees radius cone around the
direction to the Galactic center, we have selected a subset of blue
objects with colour index (B−R) < 0 and cross-matched it with the
Pan-STARRSDR1 catalogue using a one-arcsec cone search radius.
Using the blackbody approximation, we calculated the effective
temperatures for cross-matched objects, after that known parallaxes
allowed us to estimate their radii.
The most extreme object, Pan-STARRS
118732780118122536, was found to have an effective tem-
perature of Teff ∼ 38000 K. At a distance of d = 74.5 pc the
corresponding radius is R ∼ (1800 − 1900) km. This source was
also observed by the GALEX telescope (Morrissey et al. 2007).
Two GALEX measurements of the spectral flux densities in the far-
and near-UV ranges perfectly match the blackbody spectrum with
temperature estimated from the Pan-STARRS observations alone.
To elucidate the nature of the source, we performed additional
spectroscopic and photometric observations with the 2.5-m tele-
scope of CMO SAI MSU (Caucasian Mountain Observatory of
Sternberg Astronomical Institute of Moscow State University). The
⋆ E-mail:pshirkov@sai.msu.ru
observations suggested that the object is a hot, massive, rapidly
rotating white dwarf which likely originated from the merging of
close binary white dwarfs about 330 Myr ago that failed to explode
as a type Ia supernova.
The paper is organized as follows. In Section 2 we describe our
observations, Sections 3 contains the obtained results. In Section 4
we discuss the properties of the source and summarize our findings.
2 OBSERVATIONS
The observations were carried out on the 2.5-m telescope of Cau-
casian Mountain Observatory of Sternberg Astronomical Institute
(Kornilov et al. 2014). The spectroscopy with a spectral resolution
of R ∼ 1500 in the 3500-7400 Å range was done using the recently
commissioned double-beam TDS spectrograph1 with a slit width
of one arcsec. The instrument has already proved its efficiency in
spectroscopic observations of optically faint Spektr-RG/eROSITA
X-ray sources (Dodin et al., 2020, Astron. Lett., in press).
Two spectra of the source were obtained: on March 27, 2020,
with a total exposure of 7200 s, and on April 8, with a total exposure
of 4800 s.
The data reduction was performed in a standard way, including
the dark subtraction, cleaning for the cosmic rays, 2D wavelength
calibration with Ne-Kr-Pb arc lamp and the flat-field correction.
The radiation flux was integrated within a three-arcsec aperture, the
background was estimated using the clean regions above and below
1 http://lnfm1.sai.msu.ru/kgo/instruments/tds/
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Figure 1. The observed spectrum of the candidate (the grey line) and the
synthetic spectrumof aDBwhite dwarfwithTeff = 38 000Kand log g = 9.0
(the red solid line). The position of hydrogen lines are marked with dashed
lines. Both spectra are normalized to the continuum level. Telluric lines are
marked with ⊕.
the target and removed before the integration. The flux was cali-
brated using spectral standards from the ESO list2. However, since
we used a narrow slit, the absolute calibration was impossible due
to the slit losses. The wavelength calibration was corrected using
the night-sky emission lines and was accurate within 0.2 Å and 0.1
Å in the blue and red beam of the TDS spectrograph, respectively.
Finally, the wavelengths were transformed to the barycentric refer-
ence frame by using astropy (Astropy Collaboration et al. 2013)
functions.
The preliminary photometric observations of the source car-
ried out on March 27 (107 x 60 s images) and April 09 (275 x 30
s images), 2020 with SDSS g′ filter at the robotic 60-cm RC600
telescope of CMO SAI MSU revealed a fast variability. To confirm
it, the optical photometry on the 2.5-m telescope was performed
during three nights: on April 19 (197 x 10 s), May 13 (413 x 10
s) and May 15 (327 x 10 s), 2020, using a mosaic CCD camera
NBI with a standard SDSS g′ filter. Data reduction for NBI CCD
included bias subtraction, correction for non-linearity of each detec-
tor, flat-field correction, removal of background air-glow emission
and removing cosmic-ray hits. After the data reduction, a differen-
tial photometry of the WD was performed using the VaST package
(Sokolovsky & Lebedev 2018). To search for periodicity in series of
observations taken at different dates, the moments of observations
were converted to the Heliocentric Julian Dates.
3 RESULTS
3.1 Effective temperature and radius of the white dwarf
The spectrum of the WD candidate is shown in Fig. 1. It corre-
sponds to a helium white dwarf atmosphere with traces of hydrogen
(DBA). For comparison, in this Figure with the red line we show
the theoretical spectrum of a DB white dwarf with Teff = 38 000K
and log g = 9.0 calculated by Koester (2010). The observed spec-
trum looks more shallow than the model one, demonstrates weak
hydrogen lines and has a redshift of ∼ 250 km s−1.
2 https://www.eso.org/sci/observing/tools/standards.html
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Figure 2. Observed (dots) and theoretical (lines) magnitudes for various
photometric bands (the upper panel) and their residuals (the lower panel).
Grey colour is for Koestner’s model (H/He = 10−6), black colour is for
tlusty model with H/He = 0.1. (see Table 1).
Table 1. Observed and theoretical SED magnitudes for various photometric
bands and models.
Observed Koester tlusty tlusty
log H/He -6 -6 -1
Teff, 103K 35.0 36.2 31.2
R, km 2570 2530 2520
NUV 15.438 ± 0.030 15.429 15.415 15.398
FUV 15.853 ± 0.025 15.834 15.835 15.828
g 16.843 ± 0.006 16.845 16.839 16.845
r 17.266 ± 0.013 17.261 17.274 17.274
i 17.586 ± 0.006 17.599 17.617 17.611
z 17.856 ± 0.018 17.859 17.843 17.845
y 18.078 ± 0.006 18.065 18.054 18.055
Having established the nature of the object as a DBA white
dwarf, we can compare the obtained photometric observations
with theoretical SEDs. To do this, we integrated Koester’s SEDs
with the corresponding transmission curves and fitted the theo-
retical magnitudes to the observed ones using the weighted least
square method (see Fig. 2 and Table 1). Given the parallax value
13.43 ± 0.17 mas from Gaia DR2 catalogue, the best fit model pa-
rameters areTeff = 35 000±600K and R = 2580±50 km. However,
Koester’s model spectra does not account for a presence of hydro-
gen, which may lead to the effective temperature overestimation
(Eisenstein et al. 2006). To examine this effect, we calculated a set
of model WD atmospheres and spectra in the LTE approximation
using the tlusty code (Hubeny & Lanz 1995, 2003). To check our
calculations, we compared the model tlusty spectra with Koester’s
spectra with the same parameters. The good agreement enabled us
to use our models for the SED fitting. As expected, an increase in
the hydrogen fraction in the WD atmosphere decreases the inferred
Teff , however the WD radius remains constant ( within its determi-
nation errors ). The observed ratio between the depth of hydrogen
and helium lines can be obtained if the hydrogen fraction is close
to 10 per cent. Then the WD effective temperature and radius are
Teff = 31200 ± 1200K and R = 2520 ± 100 km, respectively. The
log g value only weakly affects the results, so in our model spectral
calculations we have adopted log g = 9.5.
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Figure 3. Cooling curves for a WD with M = 1.30, 1.33, 1.36 M⊙ in the
Teff − R coordinates. The black lines are for pure He envelope, the grey
lines are for He-H envelope. The dashed lines are isochrones for different
ages, which are subscribed in Myr at the bottom of each line. The red cross
represents parameters of WD1832+089 with their uncertainties.
3.2 White dwarf mass and age
The high effective temperature and small radius of the WD as
inferred from spectral fitting needs explanation. The small ra-
dius suggests a high WD mass ∼ 1.3 M⊙ , about twice as
heavy as the mean mass of observed DB WDs ∼ 0.67 M⊙
(Blinnikov & Dunina-Barkovskaya 1994; Bergeron et al. 2011).
Using our WD cooling code
(Blinnikov & Dunina-Barkovskaya 1993, 1994; Popov et al.
2018), we calculated cooling tracks for CO white dwarfs with
masses 1.30, 1.33, 1.36 M⊙ . Results slightly depend on the
composition of WD envelope: the smallest radius is obtained in
models with a pure helium atmosphere. Results for models with a
helium layer MHe = 2.4 × 10−2M⊙ are shown in Fig. 3 with black
lines. For these models the observed effective temperature and
radius corresponds to a white dwarf with mass M = 1.33±0.01M⊙
and age 330 ± 40Myr (see Fig. 3). The adding of hydrogen to the
helium envelope (with MH = 1.5× 10−4M⊙) slightly increases the
mass estimate, but it still 1.33M⊙ within uncertainties (see Fig.
3). We have also performed calculations for another bracketing
case – Si WD and found that the mass estimates does not depend
on the WD core composition. For such a massive white dwarf, a
significant gravitational redshift of 230 km s−1 is expected. It is
very close to the observed value ∼ 250 km s−1 which corroborates
the WD parameters derived from our observations.
With found WD parameters, we can measure the spectral red-
shift more precisely by using the Koester’s spectrum as a template.
To do this, we chose four helium lines and determined their spectral
shift using the least square method by adjusting simultaneously the
continuum level and the line depth. We treated the two observed
spectra separately, allowing for possible variations in radial veloci-
ties. The obtained results were found to be identical within the errors
(see Fig. 4 and Table 2). The weighted average of all measurements
is Vr = +240 ± 15 km s−1.
Part of this redshift can be attributed to the radial velocity
of the star. We can not measure this velocity separately from the
gravitational redshift, but we can estimate it from the proper mo-
tion, which is 9 mas yr−1 and corresponds to 3 km s−1 at distance
74.47 pc. Therefore, it is unlikely that the radial velocity exceeds
the estimated uncertainty of 15 km s−1.
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Figure 4. Radial velocities of He i lines measured in spectra obtained on
March 27 (black dots) and April 8 (red crosses). The solid and dashed
lines show the weighted average and corresponding uncertainty (the error
of mean).
Table 2. Radial velocities of He i lines derived from the spectral fitting.
Line March 27, 2020 April 8, 2020
Vr, km s−1 Vr, km s−1
He i 3889 274 ± 31 243 ± 26
He i 4026 347 ± 77 322 ± 114
He i 5015 208 ± 30 184 ± 49
He i 6678 250 ± 45 256 ± 69
3.3 Photometric variability
Most of the photometric data obtained during three nights in April-
May 2020 are presented in Fig. 5. It can be seen that the shape of the
light curve remains stable throughout the entire observation period
(26 days) and demonstrates two maxima of different heights. The
stability of the light curve shape and its phase suggests that this
variability is caused by stellar rotation rather than WD pulsations.
We searched for periodicity in the photometric light curves
by using the Lafler-Kinman method (Lafler & Kinman 1965). Sev-
eral possible periods in the range 352–354 seconds were found
(see Fig. 6) with the strongest peak in the periodogram being
at a period of 353.456 sec (0.00409093d). This short period
makes WD1832+089 the second fastest spinning isolated WD after
SDSSJ125230.93-023417.72 with a rotation period of 317 seconds
(Reding et al. 2020).
4 DISCUSSION AND CONCLUSIONS
The analysis of our spectral observations suggests that the source
is a hot massive DBA white dwarf with Teff = 31200 K and mass
M = 1.33 M⊙ . There are two main scenarios of origin of ultramas-
sive white dwarfs, like WD1832+089. First, such a WD could be
an end product of the evolution of a single massive (∼ 9 M⊙) star
(assuming the solar chemical abundance). Such stars can complete
their post-helium nuclear burning as ONe WDs with masses above
∼ 1 M⊙ (García-Berro et al. 1997; Woosley & Heger 2015). How-
ever, the cores of red giants are not expected to be rapidly rotating
(Mosser et al. 2012).
Another possible formation scenario of massive white dwarfs
is a merger of two white dwarfs in a close binary system
(Bergeron et al. 1991; Segretain et al. 1997). This mechanism has
gained a lot of attention due to its likely relevance to type Ia su-
pernova explosions (the so-called double-degenerate scenario, see,
e.g., Postnov & Yungelson (2014)). Here, however, we are inter-
ested in a less cataclysmic outcome of the binary WD merging,
when a single WD with mass not much lower then the total mass
MNRAS 000, 1–5 (2020)
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Figure 5. Photometric data obtained on April 19, May 13 and May 15, 2020.
For comparison, the light curves are shifted by an integer number of periods:
the black dots are for t0 = JD0 = 2458959.475056 (April 19), the grey dots
are for t0 = JD0 + 5856P0 = 2458983.431542 (May 13), the red dots are
for t0 = JD0 + 6356P0 = 2458985.477007 (May 15). The accepted period
is P0 = 0.00409093d .
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Figure 6. The Lafler-Kinman periodogram (the upper panel) and phase
curve (the bottom panel) corresponding to P0 = 353.456 s and JD0 =
2458959.475056.
of the merging progenitor WDs is formed. Simulations of the WD
merger process have been performed in the framework of smooth-
particle hydrodynamics and are very complicated (e.g.(Shen et al.
2012; Schwab et al. 2012; Zhu et al. 2013; Dan et al. 2014)). The
end result of the merging mainly depends on the total mass of the bi-
nary components, their mass difference (or the mass ratio), chemical
compositions, and on whether the binary orbit had been synchro-
nized before the merging or not. In certain setups, it is possible
to avoid an explosive carbon ignition in the center which presum-
ably leads to a type Ia supernova explosion. Instead, a slow carbon
burning eventually transforms the merging object into a ONe WD
(Shen et al. 2012), or no burning occurs at all and the final state of
the merger remnant is a massive CO WD (Dan et al. 2014). In the
WDmerger scenario, the remnant is expected to be rapidly rotating
because the orbital angular momentum of the merging binary is
partially transferred to it. The rapid ∼ 6 min rotation of the massive
and hot WD1832+089 found from our observations supports the
merging scenario of its formation.
Scanning X-ray observations by the eROSITA telescope on-
board of the Spektr-RG satellite (Merloni et al. 2012) gave only
upper limits on the source flux in the soft X-ray energy range:
F0.3−2.0 keV ≤ 8 × 10
−14 erg cm−2 s−1 (Gilfanov et al. 2020). At
distance d = 74.5 pc, this corresponds to limits on the X-ray lumi-
nosity LX < 5 × 1028 erg s−1. By assuming the possible accretion
X-ray power, this allows us to constrain the accretion rate onto the
WD Ûmacc < 7× 1010 g s−1. This is by an order of magnitude below
the standard Bondi-Hoyle accretion rate from the ISM with density
ρ = 10−24 g cm−3 for the fiducialWDvelocity 10 km s−1. However,
the object is located within the Local Hot Bubble (Welsh & Shelton
2009) extending up to ∼ 100 pc in the direction to the source
(Snowden et al. 2015) and the Bondi-Hoyle accretion rate strongly
decreases in the rarefied (n ∼ 0.01 cm−3) hot ionized gas. Clearly,
deeper X-ray observations of the source would be valuable.
The lack of noticeable Zeeman splitting of He i lines in the
spectrum enables us to put upper limits on the strength of the WD
surface magnetic field B . 1 MG. For this low field, no significant
effects of the interaction of the possible WD magnetosphere with
the surrounding plasma are expected.
We conclude that our spectroscopic and photomet-
ric observations of the extreme blue object Pan-STARRS
118732780118122536 revealed its nature as a nearby hot (Teff ≈
31200 K), ultramassive (M ∼ 1.33 M⊙), rapidly rotating (P ≈
353 s) DBA white dwarf, which is most likely to be a remnant of
the coalescence of a close binary white dwarf system that failed to
explode as a type Ia supernova ∼ 330 Myr ago at the Carboniferous
Period.
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